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Descrtptton 

This invention relates to a process for the produc- 
tion of electrode assemblies^ and nnore parttcularty elec- 
trode assemblies for use with fuel ceils having solid pol- 
ymer electrolytes. 

Fuel cells in which the electrolyte is a solid polymer 
are known as solid polymer fuel cells, SPFCs. or proton 
exchange membrane luel cells. PEMFCs. The solid pro- 
ton-conducting polymer membrane electrolytes, com- 
monly based on perfluorosulphonic acid materials, have 
to be maintained In a hydratod form during operation to 
prevent loss of ionic conduction through the electrolyte. 
This limits the operating temperature of the SPFC typi- 
cally to between 80'C and 1 20'C, depending on the op- 
erating pressure. Therefore, both the anode reaction, at 
which the fuel, which may be hydrogen, a hydrocarbon 
or an oxygen-containing fuel such as methanol, is oxi- 
dised, and the cathode reaction, at which oxygen Is re- 
duced, require catalysts to proceed at useful rates. Pre- 
cious metals, and in particular platinum, have been 
found to be the most efficient and stable catalysts for all 
fuel cells which operate at below SOCC. regardless of 
whether the electrolyte is acidic or alkaline in nature, al- 
though they are particularly useful in acid electrolyte fuel 
cells such as the SPFC. 

The phosphoric acid fuel cell (PAFC) is the type of 
acid electrolyte fuel cell closest to commercialisation, 
and will find applications in the multi-megawatt utility 
power gene ratton market and also in combined heat and 
power systems in the 50 to several hundred kilowatt 
range. The SPFC however, can provide much higher 
power density output than the PAFC. and can operate 
efficiently at much fower temperatures. Because of this 
it is envisaged that the SPFC might find use in applica- 
tions such as small scale residential power generation 
and in vehicular power generation. In particular, regula- 
tions have been passed in areas of the United States 
whk;h may restrict the use of combustion engines in the 
future. SPFC demonstration units are being built for 
evaluation in these applications. 

In the liquid electrolyte PAFC system the platinum 
electrocatalyst is provided as very small particles 
(20-50A diameter), of high surface area, which are dis- 
tributed on, and supported by. larger conducting carbon 
particles to provide a desired catalytic loading. Elec- 
trodes are formed from the catalysed carbon particles 
and, for the fuel cell reactions to proceed efficiently, 
these electrodes are designed to optimise contact be- 
tween the reactant gas. the electrolyte, and the precious 
metal electrocatalyst. The electrode has to be porous, 
and is often known as a gas diffusion (or gas porous) 
electrode, to allow the reactant gas to enter the elec- 
trode from the back and electrolyte to penetrate through 
from the front. Efficient gas diffusion electrodes, using 
platinum loadings of around 0.3-0.5mg/cm2 of geomet- 
rical electrode area, have been developed for fuel cells 
such as the PAFC. which use a liquid acid electrolyte. 



The electrolyte can penetrate that portion of the porous 
structure of the catalyst cart)on support which contains 
the majority of the platinum catalyst, and in practice 
above 90% of the catalyst is effectively utilised to per- 
5 form the fuel cell reactions. 

In any fuel cell, the rates of the electrode react kmis 
depend on a number of factors, but the most important 
is the total effective surface area of the catalyst present 
at the interface between the reactant gas and the elec- 
trolyte. 

In the SPFC the electrodes are bonded to the solid 
polymer electrolyte, which is In the form of a thin mem- 
brane, to form a single integral unit, known as the mem- 
brane electrode assembly (ME A). It has been found that 
IS the supported catalyst gas diffusion electrodes, as de- 
veloped for the PAFC, are in general unsuitable for use 
with SPFCs as only very low current densities are usu- 
ally attainable. This Is because very little of the platinum 
catalyst surface is present at the three-phase interface. 
^0 where the membrane electrolyte is in direct contact with 
platinum catalyst surface and an adjacent gas pore. This 
occurs rrrast readily at the front surface of the electrode 
where contact with the membrane occurs. Very little of 
the thickness of the electrode is used because the elec- 
ts trolyte does not penetrate into the thickness of the elec- 
trode. State of the art solid polymer fuel cell stacks there- 
fore utilise electrodes containing unsupported platinum 
black with relatively high noble metal loadings, typically 
4mg/cm2 electrode, in order to maximise the level 
30 of platinum contact at the front face of the electrode. This 
represents a catalyst loading about ten times higher 
than the catalyst loading used on the carbon-supported 
catalysed gas diff uskxt electrodes. It is believed that the 
amount of platinum surface utilised in these SPFC elec- 
ts trodes is around 3% of the total available platinum sur- 
face area on the electrode. Despite the low platinum uti- 
lisatk>n. the performance of the state of the art SPFCs 
is high compared to the PAFC. Current densities of 
500mA/cm2 at 0.72V. with Hg/air as reactants. at a tern- 
40 perature of 80*C and a pressure of 5atm, have been 
reported, whereas the PAFC usually operates at only 
200-300rTWcm2 However, the platinum requirement of 
these state of the art SPFC electrodes Is close to 20g/ 
kW. For reasons of cost It is widely accepted that the 
45 platinum requirement needs to be reduced to levels of 
around 0.5g/kW and below for the SPFC to become a 
viable system for applications such as transportation. 
Furthermore, the operating current density needs to be 
increased to around 2A/cm2, whilst maintaining the volt- 
50 age at around 0.7V, to achieve higher power outputs. 

The low utilisation of the high platinum loading elec- 
trodes, and hence the high materials cost, coupled with 
the fact that the power densities, although amongst the 
highest of any fuel cell, are still too low for the applica- 
ss tions that are envisaged, have been the major problems 
associated with the productbn of viable membrane 
electrode assemblies for the SPFC. Significant increas- 
es in the effective surface area of the catalyst utilised in 
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these electrodes will enable both performance increas- 
es and cost reductions to be attained. It should also be 
noted that increases in power density output can further 
reduce the capital cost per unit ol power generated out 
of all proportion to the value of the catalyst per se. With 
the SPFC, other materials, in particular the solid poly- 
mer membrane, are also of very high cost, and improve- 
ments in cell performance will reduce the quantity of 
these materials required per unit of power output. 

Many workers in the field have attempted to pro- 
duce viable membrane electrode assemblies for the SP- 
FC. 

For example, USP 4.876,115 discloses an SPFC 
having electrodes which are nnodified versions of gas 
diffusion electrodes developed for the PAFC. These are 
formed by coating a solution of a proton conductive ma- 
terial over a gas diffusion electrode containing platinum 
loadings of around O.Smg/cm^ of geometrical electrode 
area. The preferred SPFC membrane is a perfluorocar- 
bon copolymer marketed by E I duPont, under the trade 
mark NAFION. Similar performance is reported for such 
a carbon -supported platinum electrode compared to an 
unsupported stale of the art platinum black electrode 
containing more than ten times as much platinum. The 
similar effective platinum surface area at the interface, 
at these much lower platinum loadings, is due to a com- 
bination of greater utilisation of the platinum catalyst and 
also to the higher intrinsic surface* area of the carbon 
supported catalysts (typically I00n>2/g pj ^an be 
achieved) compared to the unsupported platinum black 
(typically around SOm^/g Pt). Srinivasan et al ("High En- 
ergy Efficiency and High Power Density Proton Ex- 
change Membrane Fuel Cells • Electrode Kinetics and 
Mass Transport", in Space Electrochemical Research 
Technology NASA Conference Publication 31 25; April 
9-10, 1991) have estimated that the platinum utilisation 
in the carbon supported electrodes is still only 10%. Un- 
der similar operating conditions to the state of the art 
high platinum kaading system, it is estimated that the 
platinum requirement in these electrodes is 2.5g/kW. 
There is still a need for significant improvements in ef- 
fective surface area of the platinum electrocatalyst both 
to improve performance and further reduce pialinum re- 
quirements. 

USP 5,084,144 discloses similar hydrogen oxida- 
tion and oxygen reduction performance from an elec- 
trode containing 0.05mgPt/cm2, in comparison with a 
conventional PAFC electrode containing 0.5mgPt/cm2 
which has been brush-coated with NAFION. These re- 
sults are attributed to a higher utilisation of the pialinum. 

The process by which the electrodes are produced 
involves fabricating a gas diffusion electrode from un- 
catalysed high surface area cartx)n black, followed by 
impregnation of a solutbn of solubilised NAFION poly- 
mer. The platinum catalyst is then applied in a subse- 
quent stage via electrodeposition of platinum onto the 
preformed electrode from a platinum plating bath solu- 
tion. 



Even though the pialinum utilisation appears to be 
high, the total effective surface area, and hence per- 
formance, remains similar to that of the conventional 
electrode because the Pt loading, of only O.OSmgPt/ 
5 cm2. js very tow/. The process disclosed would not ap- 
pear to be capable of g'rving sufficiently high platinum 
surface areas at the necessarily higher platinum lad- 
ings and may thus have practical limitations. In addition, 
the process itself may not readily lend itself to larger- 
re scale commercial productk>n. 

Wilson and Gottesfeld, in J. Electrochem. Soc.. Vdi 
1 39. No 2. 1 992, L28-30, disclose high utilisation of plat- 
inum In electrodes in whk;h very thin filnns of catalyst 
layers are cast directly onto membrane electrolytes from 

15 inks comprising the carbon supported platinum catalyst 
and solubilised NAFION. Although high Pt ulilisatrans 
are again reported the technique appears (o be limited 
to ultra-low platinum loadings not exceeding 0.l2mgPt/ 
cm2, due to problems of achieving gas permeation to 

^ the active catalyst sites with thicker catalyst layers. In- 
deed it can be seen that at loadings greater than 
0. 1 2mgPt/cm2 no further increase in current Is obtained, 
because active catalyst covered by a NAFION film 
greater than 4|im thick is not utilised. 

25 USP 4.877.694 discloses a gas diftusion electrode 
comprising an electrode matrix including a hydrophobic 
layer containing hydrophobic polymer, and a hydrophilic 
ingredient of partk^ulate cart}on bound by hydrophilic, 
hak)genated polymer binder. It is stated that such elec- 

30 trodes may find use in appltoations such as tor solid pol- 
ymer electrolyte application and related fuel cell appli- 
cations. However, the catalyst loadings employed are of 
the same order as in the high loading state of the art 
solid polymer fuel cell stacks. 

3S For the SPFC to become a commercially viable sys- 
tem for the applications that are envisaged it is still nec- 
essary to develop higher performance, lower cost elec- 
trode structures in which useful platinum loadings can 
be applied to give increased effective platinum surface 

40 area at the interface and in which the rate of reactant 
gas supply Is sufficiently high to enable practically useful 
current densities and hence cell power densities, to be 
attained. 

An object of the present invention is to provide a 
-^5 high performance, lower cost membrane electrode as- 
sembly for solid polymer fuel cells, in which the porous 
electrodes have a relatively low platinum loading and 
improved platinum utilisation, and therefore higher ef- 
fective platinum surface area, while demonstrating, by 
50 maintaining adequate rates of reactant gas transport, 
higher performance over prior art SPFC electrodes at 
practically useful current densities under practical oper- 
ating conditions of temperature, pressure and gas flow 
rates. 

^ Accordingly this inventbn provides a process for 
the production of an electrode suitable for use in a solid 
polymer electrolyte fuel cell, comprising: 
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i) Iho preparation oJ a first component cx>ntaining 
highly dispersed precious metal catalyst on partic- 
ulate carbon impregnated with proton conducting 
polymer wherein the highly dispersed previous met- 
al catalyst on particulate carbon is first wetted with 
water. 

ii) the preparation of a second component which 
component is a gas supplying component, compris- 
ing adding hydrophobic potymer to a dispersion of 
particulate carbon and firing, at a temperature of at 
least 280'*C ; 

iii) combining the first component with the second 
component to form an electrode active layer; and 

iv) fabrication into an electrode. 

The electrode prepared according to the present in- 
vention may form either the anode or the cathode. Such 
electrode may find use in other applications, such as in 
liquid electrolyte fuel cells or in other applications of sol- 
id polymer electrolyte technology such as water elec- 
trolysis, electrochemical ozone generation, or organic 
electrosynthesis processes. 

The first and second components together form 
what is known as the active layer. 

The first and second components serve different 
functions In the active layer. The First, or lONOMER 
component allows intimate contact between catalyst 
particles and the potymer membrane to be used in the 
fuel cell, necessary to maximise catalyst utilisation and 
therefore the current density obtainable at any given 
electrode potential. Said ionomer component comprises 
highly dispersed precious metal catalyst on particulate 
carbon impregnated with proton conducting potymer. 
such as the perfluoro-sulfonate ionomer produced by E 
I duPont de Nemours under the trademark NAFiON. 
Any suitable precious metal catalyst may be used, for 
example comprising one or more platinum group metals 
or alloys thereof, such as platinum or an alloy thereof. 
Preferably the alloying components are selected from 
the Transitkxi Metal elements of the Periodic Table. The 
active metal part of the catalyst may typically represent 
10-50% by weight of the carbon-supported catalyst. 

Gaseous reactanl must be supplied to the ionomer 
component at a rate sufficient to minimise losses in cur- 
rent density at a given electrode potential. (Such losses 
are usually referred to as mass transport limilattons.) 
Diffusion of gaseous reactant through the electrode is 
aided by the second, or GAS SUPPLYING component, 
which contains particulate carbon impregnated with a 
hydrophobic polymer such as polytetrafluoro-elhylene 
(PTFE) or ethylene-propylene copolymer (FEP) or other 
hydrophobic potymer. 

Conveniently, the ionomer component may be pre- 
pared by first wetting the highly dispersed catalyst with 
the minimum quantity of demineralised water and then 
adding a measured quantity of iso-propyl alcohol (IPA) 
/demineralised water blend (90:10) with stirring. Other 
wetting agents may be substituted for the water/lPA mix. 



When the catalyst is well dispe rsed in the liqukJ medium, 
a measured quantity of. lyprcalty 5wt% NAFION solution 
may be added with stirring. The resultant mbcture may 
be evaporated to close to dryness, conveniently at a 

5 temperature of less than 70*C with stirring to minimis© 
the undesired production of thick clumps of NAFION 
material, and aid the formation of the desired thin, con- 
tinuous NAFION film throughout the porous carbon 
black structure. Final drying may be performed for ex- 

10 ample at 60'C for 24 hours followed by 4 hours at 70*C 
in a vacuum oven or by any other suitable means. The 
resultant course powder may be then vigorously milled 
to give a fine powder. Samples with potymer contents of 
between 5 and 60wt% based upon dry material have 

IS been prepared. It is envisaged that this spans the useful 
range. 

The loading of the precious metal catalyst is crucial 
to the power density output obtained. Optimum perform- 
ance is essential to the commercial viability of the elec- 

^0 irode, and is attained at precious metal loadings of 
0.0 1 -1 .Omg/cm^ of geometric electrode area. Preferably 
the loading of precious metal is 0.05-1 .Omg/cm^and es- 
pecially 0.05-0.5mg/cm2 

The gas supplying component may be prepared by 
dispersing particulate carbon in hot (80°C to 90"C) dem- 
ineralised water and blending using a high shear mixer. 
A measured quantity of hydrophobic polymer emulsion 
may be added to the dispersion and the mixture allowed 
to cool with gentle stirring until a carbon/PTFE floe set- 

30 ties to leave a clear colourless supernatant Ik^uid layer. 
The floc may be filtered, for example through a buchner 
funnel, and the resultant sotkis dried. After drying, which 
may conveniently be in a vacuum oven, the rubbery ma- 
terial obtained may be broken down into smaller parti- 
es cles and fired. Firing may be carried out at a temperature 
of, for example, at least 286''C. for example between 
300-400*C but especially 320-360*C. Firing may con- 
veniently be carried out in a nitrogen atmosphere. To 
complete the preparation of the gas supplying compo- 

^0 nent, the resultant solids may be cooled with liquid ni- 
trogen during subsequent milling to produce a fine pow- 
der It is envisaged that samples with potymer contents 
of between 1 0 and 60wi% based upon dry material may 
be useful, but the preferred polymer content is between 

45 20 and 40wt%. 

It is envisaged that mixing the ionomer and gas sup- 
plying component in ratios of between 100:0 and 50:50 
respectively may be useful. To prepare the electrode, 
the components may be dry blended, milled together us- 

50 ing a suitable solvent or dispersed together in a suitable 
liquid medium. The technique employed will very much 
depend upon the method emptoyed to lay down the 
components onto a substrate as a uniform layer to form 
the required efectrode. Application techniques consid- 

ss ered relevant are those practised in the art. and include 
direct fittratkm. filter transfer, screen printing. K-bar 
technique and spraying. Suitable subsUates include 
carbon paper, carbon ch>th, and metal mesh. Sakj sub- 
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strates may optionairy have a backing layer of a hydro- 
phobic carbon material. This can comprise either a high 
surface area, porous, particulate conductive carbon ma- 
terial, for example, furnace carbon blacks, or acetylene 
blacks. Of the carbon may be mixed with a suitable hy- 
drophobic polymer such as polytetrafluoroethylene (PT- 
FE). or ethylene-propylene copolymer (FEP). This can 
be applied to the substrate by any of the methods indi- 
cated above, and heat treated at an appropriate temper- 
ature to provide the correct hydrophobte properties, pri- 
or to application of the active layer. 

It may also be desirable to complete the preparation 
of the electrode by the applicatksn of a thin layer of a 
solubilised form of a proton-conducting polymer to the 
front face of the electrode structure. 

Ihe electrodes of the invention may be formed into 
the complete mennbrane electrode assembly by bond- 
ing of a thin film of the conducting polymer electrolyte 
between the front faces of two electrodes, using proc- 
esses of heat and pressure, as is commonly practised 
In the art. 

The invention will now be described by Example, 
which is regarded to be illustrative and not limiting. The 
terms "utilisation", 'activity" and "performance' refer to 
those properties measured according to the methods 
contained in the following paragraphs. 

•Utilisation* refers to the proportion of the total ac- 
tive catalyst surface area contained in the electrode 
structure which is in direct contact with the proton-con- 
ducting electrolyte material, and hence is capable of 
participating in the fuel cell reactions of oxygen reduc- 
tion and hydrogen oxidation. The method used is based 
on that described by S Oilman. J Electroanal Chem. 7. 
1964, 382. The method involves the use of cyclic vol- 
tammetry to deposit and strip off a monolayer coverage 
of hydrogen on the active catalyst surface, in contact 
with the ionomer component, at potentials close to hy- 
drogen evolution. A three-compartment glass electro- 
chemical cell is used and 1 moWdm^ su^huric acid, at 
25*C, Is used as the electrolyte to provide a source of 
protons to the test electrode samples. The charge as- 
sociated with hydrogen adsorption is measured and us- 
ing the relationship Icm^Pt = 210^lC (C = Coulomb), the 
electrochemical surface area of the platinum catalyst in 
contact with the ionomer, in terms of m^/g total Pt in the 
electrode is determined. Additionally, if the total surface 
area of the Pt catalyst on the electrode is knovm. then 
the utilisation can be determined by the ratkj of the Pt 
area in contact with the ionomer component to the total 
Pt surface area on the electrode. 

In temis of increased power density and reduced 
costs for an SPFC it is. however, a high R area in con- 
tact with ionomer component which is important. This 
may be expressed in terms of cm^Pt per cm^ electrode 
area, which may be measured by, again, using the re- 
lationship 1cm2 Pt = 210mC. 

'Activity* is a measure of the oxygen reduction abil- 
ity per unit weight of the catalyst material present in the 



electrode structure, and is also often referred to as 
'mass activity". Measurements of over-voltage at vari- 
ous current densities are made in an electrochemical 
ha If -cell using 1 mol/dnrP sulphuric acid electrolyte at 
5 60*C. with oxygen and air as the reaclants at atmos- 
pheric pressure. The current flow through the test elec- 
trode, at a series of IR (Internal Resistance) free poten- 
tials versus a dynamic hydrogen electrode (DHE). is 
measured, and the mass activity, expressed in terms of 

10 mill^ps per milligram of the total precious metal ma- 
terial present in the electrode is pk>tted against the elec- 
trode potential. As the protons from the sulphuric acid 
only interact with platinum in contact with the solid kxi- 
omer component, the mass activity measurements 

IS should be strictly dependent on the utilisation. 

•performance" is a measure of the cell voltage ob- 
tained at a particular current density in a complete single 
cell operating under defined conditions A single cell unit 
comprises an anode, a cathode and the electrolyte, to- 

^ gether commonly referred to as the membrane elec- 
trode assembly (ME A) in the SPFC. together with pro- 
visions to provide access for the reactant hydrogen and 
oxygen gases to reach the anode and cathode respec- 
tively Typically, the reactant gases, which are humidi- 
tied to prevent the solid electrolyte membrane filnr> from 
drying out during the measurements, are fed to the cell 
at pressures from atmospheric to S atmospheres pres- 
sure and the cell is maintained at temperatures of be- 
tween SO^C and 1 20'C. The current density taken from 

30 the cell is adjusted by applying a variable electrical toad 
in controlled increments and the resulting cell voltage is 
measured when steady. Herein, the electrodes of the 
invention are evaluated as the cathode, and a standard 
anode, fabrfcated at a loading of 1 0mgF>t/cm2 was 

3S used to minimise and provide constant anode voltage 
k>sses. 

Initial results have been obtained with two compo- 
nent electrodes of the Invention prepared by filter trans- 
fer and screen printing which demonstrate a Pt utilisa- 

40 tion of 30% of an electrode with a loading of 0 54mgPt/ 
cm2 (ie, in terms of Pt utilised. 0. 1 52mgPt/cm^. The 
platinum catalyst has a total surface area of I08m2 /g 
Pt. and thus the total effective platinum surface area (ie. 
the surface area at the three-phase intertace) is equiv- 
alent to 169cm2pt/cm2 electrode area. This is much im- 
proved over the current state of the art Further half-cell 
studies in sulphuric acid have Indicated that the in- 
creased level of utilised Pt Is active for oxygen reduction, 
as demonstrated by a proportionate increase in current 

so density generated by the higher Pt utilisatfon electrode 
of the invention. Furthermore, the performance data in 
the more reaiistk: single cell test have also confirmed 
the improvement achieved with the electrodes of the in- 
ventk)n compared vwth the slate of the art. In particular. 

ss at high current densities, where problems associated 
with mass transport, specificaify the diffusion of reactant 
gases at sufficient rates to the active catalyst sites, be- 
come more apparent, the electrodes also appear to 
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function with improved perlomnance compared wilh 
state of the an matertats. 

EXAMPLE 1 

lONOMER COMPONENT 

Particulate carbon sold under the trademark VUL- 
CAN XC72R, available from Cabot Corp. Billerica. 
Mass. USA. was catafysed acoording to conventionat 
method as described in EP 0512713 A1 Comparative 
Example A, with R to a loading of 20wt%. The catalyst 
(2.25g) was wetted with distilled water (S.Scm^) and tPA/ 
distilled water blend (94cm3 of a 90:10 blend) was add- 
ed with stirring. After 5 minutes 5wt% NAFION solution 
was added (15.0g) and the mixture evaporated to close 
to dryness at 70**C with continued stirring. The solids 
were dried at 60'C for 24 hours then finally in the vac- 
uum oven at 70*C to constant weight. The resultant 
powder was vigorously milled to give a fine crystalline 
powder. 

GAS SUPPLYING COMPONENT 

Shawinigan acetylene black, a carbon available 
from Chevron Chemicals. Houston, Texas, USA. (1g) 
was dispersed in hot (80 to QO^C) demlneralised water 
(lOOcm^) and blended for 1 0 minutes using a high shear 
Silverson mixer. At 60*C, PTFE emulsion, available as 
a 60% solids suspension, Fluon GP1. from ICI Chemi- 
cals. Cheshire. UK. was added (0.72g of 60wt% emul- 
sion to give 30wt% PTFE in the dry sample) and the mix- 
ture stirred gently whilst cooling occurred. After 15 min- 
utes the resultant carbon/PTFE floe was filtered in a 
buchner funnel and the solids dried for 4 hours at 60"C 
in the vacuum oven. The mixture was then broken down 
using a mortar and pestle and fired at 350°C for 16 min- 
utes under nitrogen. A fine powder was obtained by 
cooling the resultant solids In liquid nitrogen and grind- 
ing in a mortar and pestle whilst the sample was still 
cold. 

ELECTRODE PREPARATION 

The ionomer component (0.230g) and the gas sup- 
plying component (0.1 53g) were blended for an hour in 
a mixture of IPA/demineralised water (40cm3 of I PA and 
60cm3 of demineralised water) using a high shear mixer 
The resultant dispersion was filtered directly onto a car- 
bon cloth upon which a previously prepared cartx^n 
black layer had been deposited. The carbon cloth was 
fixed In a filter dam base (8 x 8cm) on top of a fine nickel 
mesh and wetted with IPA. The djspersk>n of the active 
layer components were poured into the dam base and 
the liquid drained with a suctkm pump. The resultant 
electrode was dried In the vacuum oven at eO'C for one 
hour. 

The preparatkTn of the electrode was completed by 



applying a coating of 5wt% NAFION solution, using a 
fine brush, onto the front surface of the active layer to 
give ca 0.6mg NAFION/cm^ electrode dry weight The 
electrode was placed on a hotplate at 60*C during the 
5 applicatfon and was then dried at 70'C for 2 hours in the 
vacuum oven to renrK>ve any remaining traces of sol- 
vent 

The electrode active layer contains a 60:40 ratio of 
ionomer to gas supplying component The total surface 
10 area of the catalyst is lOBm^/gPt and the R loading in 
the electrode is 0.54mgPt/cm2 of geometric electrode 
area. This electrode was used for Pt utilisation and half- 
cell activity measurements. 

IS EXAMPLE 2 

A cathode was prepared from the ionomer compo- 
nent (0.l7lg) and gas supplying component (0.114g), 
as described in Example 1. to give a 60:40 weight ratio 
20 of the components and a total electrode platinum toad- 
ing of Q.40mg/cm2. 

MEA FABRICATION 

25 Using this cathode an MEA was fabricated. The an- 
ode comprised a 20wt% PX catalyst supported on Vutean 
XC72R carbon, at a toading of 1 .OmgPt/cm^, which was 
brush-coated with the soluble form of NAFION polymer 
to a loading of ca 0.6mgNafion/cm2 of the electrode dry 

30 weight The proton-conducting polymer membrane was 
an experimental membrane produced by the Dow 
Chemical Company. Freeport. Texas, USA. and referred 
to as XUS-1 3204.10. The MEA was formed by hot 
pressing the front face of the anode and cathode to each 

35 side of the membrane at a temperature of 1 70*C and a 
pressure of lOOpsi, for 90 seconds, as commonly prac- 
tised in the an. The membrane was cleaned prior to 
forming the MEA as commonly practised in the art. The 
MEA was evaluated in the single cell to determine the 

40 performance characteristfcs. 

COMPARATIVE EXAMPLE 1 

An electrode was prepared according to the method 
4S described in USP 4,876.115. in which the soluble 
NAFION polymer was applied to the front face of a pre- 
formed PAFC-type gas diffusion electrode, made with a 
20wt% Pt/XC72R catalyst with a surface area of 1 0Onv^ 
gPt. The electrode was fabricated with a platinum load- 
50 ing of 0.50mgPt/cm2. 

COMPARATIVE EXAMPLE 2 

A cathode was prepared as described in Compara- 
tive Example 1, but with a R k>ading of 0.40mgPt/cn>2, 
From this cathode an MEA was fabricated as described 
in Example 2. 
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RESULTS 
Utilisation 

Results obtained (by the method contained herein- 5 
above) with the two component electrode of the inven- 
tion demonstrated a platinum utilisation of 30%. This is 
equivalent to an effective platinum surface area of 
1 69cm2pt/cm2 electrode area. The comparative exam- 
ple was measured in our tests only to show 10% R uti- io 
lisation. which is in close agreement with figures report- 
ed in the prior art. At the loading of O.SmgPt/cm^ this 
corresponds to an effective platinum surface area of 
48cm2pt/cm2 electrode. 

IS 

Activity 

Oxygen reduction activity was measured in a half- 
cell according to the method hereinabove. As shown in 
Figure 1 the mass activity per mg Pt on the electrode. 
for the electrode of this invention was significantly higher 
than for the electrode prepared by the method of U5P 
4.876.115. For example, at 850mV vs DHE. with air as 
the reactant. the mass activity is increased from 
0.86m A/mgR to 5.79mA/mgR with the two component 2S 
electrode. With oxygen as reactant the corresponding 
increase is from S BSmA/mgR to 23.76mA/mgR. As 
can be seen the electrode stmcture that is the subject 
of this invention gives not only improved Pt utilisation, 
but enhanced oxygen reduction activity. This higher ac- 30 
tivity reflects the increase in the effective R surface area 
in contact with ionomer from 48cnr»2pt/cm2 electrode ar- 
ea, in the electrode of USP 4.876, 115, to IBgcm^Pt/cm^ 
electrode area for the two component electrode. 

The single cell performance of the two component 3S 
electrode structure was superior to the performance of 
the state of the art electrode at all current densities, with 
both hydrogen/oxygen and hydrogen/air reactants. as 
shown in Figure 2, For example, at a current density of 
0.3A/cm2 on hydrogen/oxygen, the two component 40 
electrode exhibited a cell voltage of 0.739 vofts, an in- 
crease of 95mV on the performance of 0.644 volts ob- 
tained with the state of the art electrode. This reflects 
the higher effective platinum surface area of the two 
component electrode structure prepared according to 4S 
the method of the invention. 

From the slope of the linear region of the cell voltage 
versus current density plots, in Figure 2. it is evident that 
under the cell conditions there are insignificant mass 
transport losses with pure oxygen as the oxidant. The so 
slopes of the linear regions of O.igQcm^ for the two 
component ME A and 0.i7Ocm2 for the state of the art 
f^EA are close to the slopes expected from the activa- 
tion and resistive losses in the single cell. With air as 
the oxidant, however, there are mass transport losses, 55 
as shown by the slopes of O.seOcm^ and 0.26QcnD2 for 
the state of the art and two component MEAs respec- 
tively- The lower slope for the MEA of the invention is 



indicative of improved rates ol mass transport in the 
electrode structure compared with the state of the art. 
This highlights the useful function of the gas supplying 
component, in providing more efftcient gas transport to 
the active catalyst sites. 



Claims 

1 . A process for the production of an electrode for use 
in a solid polymer fuel cell, comprising 

Ci) the preparation of a first component compris- 
ing impregnating a highly dispersed precious 
metal catalyst on particulate ca rt>on with pro* 
ton-conducting polymer, wherein the highly dis- 
persed precious metat catalyst on particulate 
carbon is first wetted with water; 

(ii) the preparation of a second component 
comprising adding hydrophobic polymer to a 
dispersion of particulate carbon and firing at a 
temperature of at least 280'*C; 

(iii) combining the first component with the sec- 
ond component to form an electrode active lay- 
er, and ' 

(iv) fabrication into an electrode. 

2. A process according to claim 1 wherein the highly 
dispersed precious metal catalyst comprises one or 
more platinum group metals or alloys thereof. 

3. A process according to claim 2 wherein the highly 
dispersed precious metal catalyst comprises plati- 
num or an alloy thereof. 

4. A process according to any one of claims 1 to 3 
wherein the proton-conducting polymer of the first 
component comprises a perfluorosulphonate ionor 
mer. 

5- A process according to any of claims 1 to 4, wherein 
the hydrophobic polymer of the second component 
comprises polytetrafluoroethylene or ethylenepro- 
pylene copolymer. 

6. A process according to any of claims 1 to 5, wherein 
the highly dispersed precious metal catalyst is 
present at a precious metal loading of 0.05-0. 5mg/ 
cm^ of geometric electrode area. 



Patentanspruche 

1. Verfahren zur Herstellung einer Elektroda zur Ver- 
wendung in eIner Festpotymerbrennstoffzelle. ge- 
kennzeichnet durch 

(i) Herstellung einer ersten Komponente durch 
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Impragnierung etnes hochdispersen Edelme- 
tallkatafysalors aul einem partikularen Kohlen- 
stotf mit einem protonenleilenden Pofymer, wo- 
bei der hochdisperse Edetmetallkatalysatorauf 
dem partikularen Kohlenstoff zuerst mil Wasser 5 
bef euchlet wird. 

(ii) Herstellung einer zweiten Komponente 
durch Zugabe eines hydrophoben Potymers zu 
einer Dispersion eines partikularen Kohlen- 
stoffs und Brennen bei einer Temperatur von io 
mindeslens 280'C, 

(iii) Vereinigung der ersten Komponente mil der 
zweiten Komponente zwecks Bildung einer 
elektrodenaktfven Schicht und 

(iv) Verarbeitung dieses Gemisches zu einer 
Etektrode. 



2. Verf ahren nach Anspruch 1 . wobei der hochdisper- 
se Edelmetallkatatysator eines oder mehrere Me- 
talle der Ptatingruppe oder Legterungen davon um- 
faBt. 

3. Verfahren nach Anspruch 2, wobei der hochdisper- 
se Edelmetallkatatysator Platin Oder eine Leglerung 
davon umfafBt, 

4- Verfahren nach einem der AnsprOche 1 bis 3, wobei 
das protonenleitende Polymer der ersten Kompo- 
nente ein Perfluorsulfonationomer umfaBl. 

5. Verfahren nach einem der AnsprOche 1 bis 4. wobei 
das hydrophobe Polymer der zweiten Komponente 
ein Potytetrafluorethylen oder ein Ethylen-Propy- 
len-Copolymer umfaBt. 

6. Verfahren nach einem der AnsprOche 1 bis 5. wobei 
der hochdisperse Edetmetallkatalysator eine Bela- 
dung an Edelmetall von O.Ol bis 1,0 mg/bm^ der 
geometrischen Oberflache der Eleklrode aufweist. 



Revendlcations 

1. Proc6d6 de fabrkration dune Electrode destinde d 
dtre utilisde dans une cellule & combustible polym&- 
re solide, comprenant 

(i) la preparation d'un premier composant par 
impregnation d'un calalyseur de mdtal pr6cieux 
tr6s disperse surdu cartx>ne particutaire par un 
polym6re conducteur de protons, dans tequel 
le catalyseur de m6lal pr^cieux tr^s disperse 
sur Is carbone est d'abord nrK)uiIld par de I'eau. 

(ii) la pr6paralkxi d*un second composant com- 
prenant I'addrtbn d'un polymdre hydrophobe ^ 
une dispersion de cartx>na parttculaire. et la 
cuisson d une temperature d'au moins 280 "C. 

(iii) la oombinalson du premier composant au 



second composant pour (a formatksn d'une 
couchs active d'eiectiode. et 
(iv) la mise sous forme d'une electrode fabrl- 

quee. 

2. Procede selon ta revendcation 1 . dans lequel le ca- 
talyseur de metal precieux trds disperse comprend 
un ou plusieurs metaux du groupe de piatine ou des 
alliages de ces metaux. 

3. Procede selon la revendicatk)n 2. dans tequel le ca- 
talyseur de metal pr6cieux trds disperse est la pia- 
tine ou un alliage de piatine. 

4. Procede selon l*une quelconque des revendicatk)n8 
1^3, dans lequel le polymdre conducteur de pro- 
tons du premier composant est un ionomere de per- 
fluorosulfonate. 

so 5. Precede selon Pune quelconque des revendicatk^ns 
1^4. dans lequel ie polymere hydrophobe du se- 
cond composant est du polytetrafluorethyldne ou 
un copolymdre d' ethylene et de propylene. 



2S 6. Procede selon I'une quelconque des revendicatk^ns 
1^5, dans lequel le catalyseur de metal pr6cieux 
tres disperse est present avec une charge de metal 
precieux comprise entre 0,01 et 1 .0 mg/fcm^de sur- 
face geometrique detect rode. 

30 
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